In this study, we investigated whether self-rated health (SRH) can be predicted by in-work poverty and how between-persons and within-person differences in the poverty status of people who are working contribute to this relationship. We used a logistic random-effects model designed to test within-person and between-persons differences with data from a nationally representative German sample with 19 waves of data collection (1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013) to estimate effects of between-persons and within-person differences in working poverty status on poor SRH. Interactions by age and sex were tested, and models controlled for sociodemographic, socioeconomic, and work-related characteristics. We found significant differences in SRH between individuals with different working poverty status but no evidence that within-person differences in working poverty status are associated with poor SRH. The association between in-work poverty and SRH was significantly stronger for women but did not differ significantly by age. All findings were robust when including sociodemographic, socioeconomic, and working characteristics. In this sample of German adults, we found a polarization of poor SRH between the working nonpoor and the working poor but no causal association of within-person differences in working poverty status with SRH.
It is a widely accepted belief that employment is fundamental in avoiding and reducing poverty, social exclusion, and socioeconomic inequalities, and research shows that households with an employed member are less likely to be poor (1) (2) (3) . The existence of in-work poverty in many countries worldwide indicates, however, that employment does not always prevent individuals from being poor (4, 5) . For example, at the European Union level, some have raised concerns that the overall increase of the employment rate over the last 15 years has not been accompanied by a significant reduction of poverty because of relatively high levels of low-skill jobs (6) .
Many studies have found that poor people have a lower life expectancy and experience more health problems throughout life (7) (8) (9) (10) (11) (12) (13) (14) . The relationship between income poverty and health is most often explained by material, psychosocial, and behavioral factors (15) . The perceived deprivation of being working poor might further contribute to psychological distress and related mental health symptoms (16, 17) . In-work poverty tends to be associated with hourly, seasonal, and temporary jobs that are characterized by instability, lack of protections, insecurity, and social and economic vulnerability (3, 16, 18, 19) . Moreover, low-wage jobs are less likely to offer opportunities for growth and benefits, a factor that might contribute to the psychosocial burdens of in-work poverty (20) . Lohmann (2) further found higher levels of in-work poverty among low-skilled workers such as agricultural workers, service workers, shop/market sales workers, or craft-and tradesrelated workers, all of whom are particularly vulnerable to increased physical work hazards. Research has found several factors associated with in-work poverty at the individual level (such as atypical employment, low education/ qualifications, youth, migrant status, being female), household level (such as single earner and high number of inactive or unemployed people), and national level (such as high wage dispersion, less welfare benefits, and a decentralized bargaining system) (3, 21, 22) .
Examining the association between in-work poverty and health is highly relevant for public health and social policy research because it exemplifies the burdens and threats of workers being unable to attain or maintain a minimally acceptable way of life in the society in which they live (19) . To our knowledge, no studies have yet analyzed the relationship between in-work poverty and health. Most empirical work related to this topic relies on low-wage jobs and occupational classes (23) (24) (25) (26) (27) . In this study, we sought to investigate the relationship between in-work poverty and self-rated health (SRH) by modeling their cross-sectional (between workers) and longitudinal (within workers) relationships using 19 waves of data collection from the German Socio-Economic Panel (GSOEP). We aimed to answer the research questions of whether SRH is predicted by in-work poverty and how between-persons and withinperson differences in working poverty status contribute to this relationship. Moreover, we aimed to analyze whether this relationship is modified by age or sex and whether it is robust when including sociodemographic, socioeconomic, and working characteristics.
We hypothesized that in-work poverty was associated with higher risks of poor SRH, a hypothesis that is consistent with evidence on the relevance of income poverty for SRH (7) (8) (9) (10) (11) (12) (13) (14) . Differences in SRH related to working poverty might be stronger between individuals than within individuals due to a polarization of health risks between the poor and nonpoor. Women might be more adversely affected by in-work poverty than men because female working poverty is strongly associated with other health risks, such as single parenthood (3) . We also assumed that the association between in-work poverty and SRH differed by age, with higher risks of SRH in "midlife," during which economic and social dependency on work might be higher compared with younger or older ages (28) . In old age, the association of in-work poverty with SRH might be stronger or weaker than at other times: stronger as a consequence of disadvantages related to in-work poverty accumulating throughout the life course or weaker because of a positive choice by older workers who were economically secure to reduce their overall workload (29) . Finally, we assumed that the association between in-work poverty and SRH was based mainly on work-related characteristics, such as employment status, contract type, occupation, and working hours.
METHODS

Study design and setting
The GSOEP is a nationally representative longitudinal study of individuals living in private households all over Germany that has been conducted by the German Institute for Economic Research since 1984 (30) . The aim of the GSOEP is to evaluate the changes in and stability of living conditions in Germany, gathering data on education, income, occupation, social networks, values, and health. In general, all household members aged 17 years or older are interviewed annually. Since 1984, further samples were added to the GSOEP to account for sociodemographic changes that took place in Germany and to address panel attrition. All samples in the GSOEP are multistage random samples of regional clusters, and households are most often identified by random walk. The online documentation at http://www.diw.de/en/soep provides detailed descriptions of sampling strategies, response rates, attrition, and the representativeness of the samples.
Participants
Analyses were based on 19 annual waves of data collection from 1995 (wave L) to 2013 (wave BD) of the GSOEP (data set v30). In 1995, interviews were initiated with 19,947 people residing in 7,612 households. In these households, there were 15,788 persons aged ≥17 years, of whom 13,768 were successfully interviewed in 1995 (6,968 private households). The attrition rate was lower than 5% between single waves. Additional samples were added between 1995 and 2013 to maintain the representativeness of data. For this study, we considered all full-time, part-time, and marginally employed workers aged 18-67 years who were living in private households and had valid data between 1995 and 2013. The analytical sample consisted of 183,539 observations from 31,693 individuals (Table 1 ). There was a median of 4 observations per person (range, 1-19) and a significantly lower rate of participation among the working poor (median of 3 observations per person) than among the working nonpoor (median of 4 observations per person).
Measures
Self-rated health. SRH was measured by asking individuals how they would rate their overall health status. The exact wording of and response options for the current health question is consistent with the recommendations of the World Health Organization (31) and the Euro-REVES 2 Group (32). Participants were asked, "In general, how would you describe your current health status?" Those who responded "very good," "good," or "satisfying" were considered to be in good health, while those who responded "poor" or "bad" were considered to be in poor health. SRH has been recommended by the World Health Organization for health monitoring and has been shown to be a reliable and valid indicator of general health (33) (34) (35) . The average transition into poor SRH between 2 survey waves was relatively low, at 6.5%, whereas 93.5% did not change their status of good SRH. Furthermore, on average 51.3% no longer reported poor SRH, whereas 48.7% remained in poor SRH between 2 survey waves.
In-work poverty. In-work poverty was defined as being employed (full-time, part-time, or marginally) and receiving an equalized disposable household income below 60% of the median in the year in question (3). In-work poverty was coded 1 (exposed) for being working poor and coded 0 (reference category) for being working nonpoor. Between 1995 and 2013, the transition into poverty was relatively low between 2 survey waves, averaging only 2.7%; 97.3% of the nonpoor retained their status. Among the working poor, an average of 54.5% moved out of poverty and 45.5% remained working poor between 2 survey waves.
Covariates. Different time-varying sociodemographic, socioeconomic, and work-related factors were considered as covariates in the models. Nationality (German, other), region (West Germany, East Germany), and household type (single person, couple without dependent child, single parent, couple with dependent child, other) were considered as sociodemographic variables due to their high correlation with in-work poverty and SRH (3, 11) . Socioeconomic characteristics refer to educational status, which is strongly related to health and in-work poverty status (3, 23) . Educational status was assessed in terms of the highest educational level achieved on the Comparative Analysis of Social Mobility in Industrial Nations (CASMIN) classification index: low (CASMIN 1a-c), moderate (CASMIN 2a-c), or high (CASMIN 3a and 3b) (36) . Work-related characteristics are described as relevant mediators of the relationship between in-work poverty and SRH and include the contract type (temporary, no contract, self-employed), International Standard Classification of Occupations (third version: ISCO 88) occupation (legislators, senior officials, managers; professionals; technicians and associated professionals; clerks; service workers, shop/market sales workers; skilled agricultural and fishery workers; craft-and trades-related workers; plant and machine operators, assemblers; and elementary occupations), and number of working hours per week (3, 19, 20, 37) . Sex and age (in 10-year groups) were included in interaction models and as covariates in multivariate models.
Statistical analysis
Analyses were conducted using STATA, version 13.1 (StataCorp LP, College Station, Texas). Descriptive analyses were applied to examine sociodemographic, socioeconomic, and work-related characteristics of the working poor. We further examined mean and standard deviation scores of SRH for the overall sample, for the working nonpoor, and for the working poor (at least 1 spell of being working poor) ( Table 1) . We obtained standard deviations of SRH for between-persons and within-person variability.
Logistic regression models for poor SRH were fitted in a random-effects framework. Using a variant of the model suggested by Mundlak (38), we decomposed each time-invariant variable's estimate into a within-person estimate, based on variation observed within persons over time, and a betweenpersons estimate, based on variation observed between persons. The model combines the virtues of random-effects and fixed-effects panel analysis and therefore is often called a hybrid model. Fixed-effects models provide unbiased results in the presence of unobserved heterogeneity but cannot model time-constant variables. Random-effects models are able to estimate coefficients of time-constant variables but are biased if there is unobserved heterogeneity that is correlated with the variables in the model (39, 40) . The approach taken here can do both: provide unbiased estimates of timeinvariant variables, even in the presence of unobserved heterogeneity, and provide estimates for time-constant variables (39, 41, 42) . The linear predictor of the response η is given by
where the subscript i denotes individuals and t denotes time points (40) . x it is a time-varying independent variable, x i is the mean level of x it , and z i is a time-constant independent variable. μ i contains unobserved time-constant factors (unobserved heterogeneity). In contrast to a standard random-effects model, which would include only the original variable x it , this models decomposes x it into a betweenpersons componentx i and a within-person component
The latter is analogous to the "fixed-effects transformation" in the context of linear panel data models (43) . Thus, β 1 refers to the within-person estimate and β 2 to the between-persons estimate of the time-varying independent variable, whereas β 3 gives the between-persons estimate of the time-constant independent variable.
In the linear context, the estimates of β 1 are exactly identical to the estimates obtained from a fixed-effects model if the data are balanced (40) . In the logistic regression model with the predicted response probability
, an additional issue must be considered when applying the hybrid model: A logistic fixed-effects model is typically understood as a conditional logit model, which is not identical to a logit model using the fixed-effects transformation. However, the results from the hybrid approach can approximate the results from a conditional logit model (40, 43) . In the Web Appendix (available at http://aje.oxfordjournals.org/), we show estimates of traditional logistic fixed-and randomeffects models compared with within-person estimates of the hybrid model. The results indicated that the within-person estimates of the hybrid model were very good approximations of the corresponding conditional logit estimates.
Stepwise regression was used to examine factors affecting the association of in-work poverty with SRH. First, a bivariate model including working poverty was fitted to the data (model 1). Model 2 was based on model 1 and included sex and age to examine their specific role in the association between in-work poverty and SRH. Model 3 was based on model 2 and also adjusted for nationality, region, household type, and educational status to control for confounding factors. Model 4 was the final model, based on model 3 with the addition of working characteristics that are described to mediate the relationship between inwork poverty and SRH. While model 2 and model 3 were designed to evaluate the robustness of the association between in-work poverty and SRH, model 4 should also indicate the role of working characteristics in this association. We also tested the hypothesis that estimates might differ by sex and age by considering interaction terms in the model and testing their significance using the likelihood-ratio test. Table 1 presents descriptive information on the analytical sample. The table shows mean levels of poor SRH for the total sample, the working nonpoor, and the working poor. Among the employed participants in the GSOEP, 5.5% experienced at least 1 wave of in-work poverty between 1995 and 2013. Compared with the nonpoor, the working poor are more often young individuals, women, non-Germans, individuals from East Germany, single parents, service and shop-sales workers, or persons in elementary occupations, having a low educational status, or without a permanent working contract. Table 2 shows significant differences in poor SRH between the working poor and the nonpoor (detailed model information is available in Web Tables 1-3 ). There were no significant within-person differences in SRH according to in-work poverty using any of the models, indicating that individual change in poverty status was not significantly associated with a change in SRH. However, a significant association was found in the between-persons estimate; working poverty was associated with a higher likelihood of participants rating their health as "poor" or "bad." For example, using model 1, the working poor were 2.49 times more likely than the working nonpoor to report poor SRH. f There were significant differences in the association of in-work poverty with self-rated health by sex in model 1 (χ 2 (3 df) = 75.67; P < 0.001), model 2 (χ 2 (2 df) = 8.58; P = 0.014), model 3 (χ 2 (2 df) = 7.52; P = 0.023), and model 4 (χ 2 (2 df) = 6.96; P = 0.031). g There were significant differences in the association of in-work poverty with self-rated health by age in model 1 (χ 2 (12 df) = 1,859.49; P < 0.001) but not in model 2 (χ 2 (6 df) = 10.39; P = 0.109), model 3 (χ 2 (6 df) = 7.70; P = 0.026), or model 4 (χ 2 (6 df) = 6.53; P = 0.037).
Several factors contributed to this relationship. In comparison with model 1, the between-persons estimate of working poverty status was higher in model 2, in which sex and age were also considered. The between-persons estimate of working poverty might be underestimated in model 1 as age was positively related to poor SRH (poorer SRH in older age groups) and negatively related to working poverty (higher among younger age groups) (Table 1) . Further, we observed a decrease in the between-persons estimate in model 3 and model 4. According to the likelihood-ratio test, the model fit increased significantly when the covariates were entered into the models (results not shown).
We found a significant increase in model fit when interactions of in-work poverty with age and sex were considered, as detailed in Table 2 . However, terms for interaction between in-work poverty estimates and age were significant only in model 1, indicating that other sociodemographic, socioeconomic, and work-related characteristics explained most of the difference in SRH between the working poor and the nonpoor. For sex, we observed significant differences in the between-persons estimate of working poverty; among women, differences in SRH between the working poor and the nonpoor were greater than among men. The change in working poverty estimates across all model specifications indicated that covariates in model 3 and model 4 contributed much more to the poverty-health relationship of women than to that of men.
DISCUSSION
Using a random-effects model designed to test both within-person and between-person effects, we found differences in poor SRH to be associated with working poverty, but we found no evidence that within-person differences in working poverty status were associated with a change in SRH. Sociodemographic, socioeconomic, and work-related characteristics contributed to the relationship between inwork poverty and SRH but could not fully explain this relationship. We found significant evidence that the association of in-work poverty with SRH was moderated by sex, whereas the association between poverty and SRH did not differ significantly by age.
Our results confirm findings on the association between poverty and health and extend previous longitudinal studies by decomposing the estimates of in-work poverty for SRH into within-person and between-persons estimates (7) (8) (9) (10) (11) (12) (13) (14) . In this sample from Germany, we found a polarization of poor SRH between the working nonpoor and the working poor but no association of within-person differences in working poverty status with SRH. Following the logic of the traditional Hausman test, this suggests that the between-persons estimates indicate only associations and should not be interpreted as causal effects (see Web  Table 4 ). Our findings contradict the general causal interpretation of the association between income and health and are in line with studies indicating only limited causal relevance of income in the origin of inequalities in health (23, 44, 45) . For example, in a recent review that included 13 studies investigating the longitudinal association between income and SRH, Gunasekara et al. (46) found only little evidence for a causal effect of income on SRH with only small effect sizes. The authors therefore concluded that the causal role of income might be much smaller than suggested by previous cross-sectional studies.
The huge difference between the within-person and between-persons poverty estimates in our study indicates that the robust association found between persons is due to some correlated unobserved heterogeneity, which violates the exogeneity assumption of random-effects models. The robust association of between-persons differences in working poverty status with SRH might result from a polarization of careers and an accumulation of disadvantages among the working poor throughout their life course (47, 48) . Research on occupational attainment and career progression has supported this thesis and has shown that the German labor market is characterized by low occupational mobility with a relatively strong determination of occupational status by educational attainment early in a person's career (49) . Similarly, wage and earnings inequalities have increased sharply in Germany since the 1980s to the disadvantage of low-wage job holders (50) . However, as we control for educational status, further factors in the life course might have contributed to the strong differences in SRH between poor and nonpoor workers, such as differences in the socioeconomic environment in childhood and adolescence (51) (52) (53) , in the work history (54, 55) , or in the family history (56) .
Strengths and limitations
This study had several strengths. It involved a large sample of employed persons in Germany and 19 waves of data collection. The within-person and between-persons randomeffects approach marries the fixed-effect and random-effect estimator and allows us to take advantage of the best characteristics of each (57) . Most previous research analyzed the health status of low-wage job holders or of different occupational classes using a variety of research strategies. To our knowledge, this study is the first longitudinal study to have analyzed the role that in-work poverty plays in SRH between and within individuals.
Some limitations need to be acknowledged. First, employment status and in-work poverty were measured only once annually; reported transitions from employment to unemployment and from working poor to working nonpoor could have taken place at any point within the year prior to the subsequent survey. Second, we observed a significantly lower number of observations per person for the working poor over the course of the study. This might be related to the fact that in-work poverty tends to be associated with seasonal temporary jobs that are characterized by instability (16, 18) . As consequences of the higher dropout rate among the poor, the disadvantages in SRH of the working poor and the within-person estimate of working poverty might be underestimated. In this context, attenuation bias due to measurement error might have further contributed to an underestimation of the coefficient of poverty (45) . In this situation, classical measurement error in explanatory variables biases coefficients toward zero. The coefficient of in-work poverty might be particularly prone to attenuation bias because the fixed-effects transformation takes out the between-persons variance and thereby potentially increases the share of variance that is due to measurement error. Income-based poverty measures could be flawed in several ways (11, 58) . The income-based poverty measure does not take into account other financial and social resources and ignores certain financial burdens. It further neglects temporal fluctuations of income and could be associated with problems of misreporting of income changes or regional price differences. However, measurement errors in income are known to be dependent on covariates; for example, highincome earners and self-employed persons typically underreport their incomes. To the extent that these characteristics are time-invariant, the fixed effects approach should not be particularly biased, and we therefore believe that the null finding with regard to the within-person estimate cannot be explained solely by attenuation bias (45) . Moreover, it might be that change in poverty status over 1 year is not sufficient to affect SRH significantly. It might be that only longer spells of income poverty reflect a certain deprivation in living standards and negatively affect individual health, as indicated by previous studies (8, 11) . Therefore, further research is needed to disentangle the causal influences of persistent poverty on health. Furthermore, our findings depend heavily on the situation of the employment market and the welfare state in Germany at the time of the survey. For example, it has been emphasized in research findings that the social and labor policy reforms in Germany since the mid-1990s have led to increasing rates of atypical employment, low-wage work, and in-work poverty (59) . These recently initiated German reforms might be responsible for low rates of transition into in-work poverty in our sample of employed individuals. Finally, a thorough evaluation of the impact of in-work poverty requires information about the physical and psychosocial health status that was not available in the GSOEP.
Conclusion
In-work poverty is an increasingly relevant issue for many countries throughout the world. This study is, to our knowledge, the first to have analyzed the relationship between SRH and working poverty using a hybrid approach that enables decomposing the relationship into between-persons and within-person relationships. We found indications of a polarization between the working poor and the working nonpoor in SRH but no evidence for a causal relationship. Further research is needed to confirm our findings and to clarify the physical and psychological mechanisms linking in-work poverty and health.
